Abstract. Cassava starch was used as the main chain in the copolymerization of a superabsorbent polymer composite (SAPC) based on acrylic acid and bentonite. The SAPC was synthesized through graft polymerization using nanosized bentonite as reinforcement. The variables in this experiment were: bentonite concentration, acrylic acid to starch weight ratio, concentration of initiator, and cross linker. The product was characterized using FTIR, SEM and TGA-DSC. The results show that the polymerization reactions involved processes of incorporating starch chains as polymer backbone and grafting acrylic acid monomers onto it. The use of cassava starch in the polymerisation produced a very short reaction time (10-15 minutes), which led to SAPC production with higher efficiency and lower cost. Bentonite interacts with monomers via hydrogen and weak bonding, thus improving the thermal properties of the product. The maximum absorbance capacity obtained was at an acrylic acid to starch weight ratio of 5 and a concentration of initiator, cross linker and bentonite of 0.5, 0.05 and 2 weight percent, respectively. The product is suitable for agricultural and medical applications as well as common superabsorbent polymer applications.
Introduction
Nowadays, natural polymers, which are biodegradable, draw great attention from both academic and industrialized circles all over the world as a result of environmental problems posed by the disposal of synthetic polymer waste. Therefore, the development of a range of biodegradable polymer-based products has become one of their main focuses. One of the practical approaches in making a biodegradable polymer is by replacing most synthetic materials in the polymer precursors with natural materials so that the resulting product is easier to degrade. In addition to degradability, other aspects-such as biocompatibility, renewability and toxicity of products-are also becoming key considerations for using natural materials as a substitute for synthetic materials.
Cassava starch as one of the most abundant agricultural commodities in Indonesia is a relatively cheap material that is easy to come by. In relation to the issues described above, cassava starch can be used as a substitute for a variety of synthetic polymer precursors because it is biodegradable, biocompatible, renewable and nontoxic. Indonesia, as a country with a high productivity of cassava starch, is suitable to develop cassava starch-based polymers.
Abidin [1] states that superabsorbent polymers (SAPs) are a hydrophilic material, able to absorb enormous amounts of water. They are commonly used as an absorbent fluid in baby diapers and sanitary napkins, as well as in other fields, such as medicine, agriculture and engineering. Today, almost all of the commercial SAPs are synthetic polymers that can hardly be degraded by the environment and hence the use of these products may lead to environmental problems as a result of waste disposal. In this research, one of the main SAP precursors, acrylamide [2] , was replaced by starch because both have similar hydrophilic chemical properties. Therefore, the development of starch-based SAPs has a high potential for addressing environmental issues.
Another background of this research is that the utilization of plant products, especially cassava tubers, in Indonesian industry is not optimized yet, while Indonesia was the third largest exporter of cassava in the world in 2005 based on statistics from the Food and Agriculture Organization of the United Nations (FAO). Compared with other tubers, cassava has the highest productivity in Indonesia [3] . The utilization of cassava starch as a raw material for SAPs can increase the production as well as consumption level of cassava in Indonesia, as a result of which the agricultural sector can grow significantly. In addition, the cassava starch, which has a much lower price than acrylamide, is economically advantageous in the production of polymers.
Based on Hosseinzadeh's explanation [4] , starch-based polymers generally have poor mechanical and thermal resistance. To overcome this, bentonite (a kind of phyllosilicates mineral) is used to reinforce the polymer. This is relatively cheap, so the chemical blending by means of graft copolymerization of acrylic acid, starch and bentonite in fabricating the superabsorbent composite can further reduce the production cost significantly and improve the properties of the superabsorbent material.
In this research, a superabsorbent polymer composite (SAPC) was synthesized, tested and analyzed using starch as the backbone chain, acrylic acid as the monomer, N,N-methylene bisacrylamide (MBA) as the cross linker, and ammonium persulphate (APS) as the initiator in the presence of nano-sized bentonite in an aqueous solution. Aspects investigated included the optimum synthesizing conditions. This research referred to previous research by Li [5] , who successfully created a superabsorbent polymer composite with a high absorbance capacity, reaching 774 g/g product, made from potato starch, acrylic acid and attapulgite. Because the productivity of cassava in Indonesia is much higher than that of potatoes, in this research the SAPC was made from cassava starch.
Materials and Method
The materials for manufacturing SAPC consisted of: cassava starch (commercial grade, Rose brand, Indonesia) used as purchased; acrylic acid (AA, chemically pure, Merck, Germany) used as purchased and neutralized 40% with sodium hydroxide; N,N-methylenebisacriyamide (MBA, Merck, Germany) used as purchased; ammonium persulphate (APS, chemically pure, Merck, Germany) used as purchased; and sodium-bentonite (GTC4, powder, drilling mud quality, PT. Mahesa Rekatama, Indonesia) dried at 95°C and milled for 12.5 hours.
A series of samples with different amounts of bentonite, cross linker, initiator, starch and acrylic acid with 40% degrees of neutralization were prepared with the following procedure: tapioca flour and water were mixed together with a ratio of 1:20 and put into a four neck flask equipped with a magnetic stirrer, thermometer and nitrogen line. The slurry was heated at 90°C for 30 minutes and then chilled to a temperature of 60-65°C. The APS was added into the mixture and stirred for 15 minutes. A mixture of partially neutralized AA, MBA and bentonite was then added to the system. The total concentration of the water in the reactor was 75 w-%. The system was heated slowly to 70°C until a gel block product was obtained that could not be stirred anymore. Then the resulting product was washed with ethanol and distilled water and dried at a temperature of 70°C to a constant weight. The dried product was milled and screened to achieve a particle size in the range of 20-80 mesh.
The IR spectra of the superabsorbent composite were recorded on a FTIR machine (Prestige 21 Shimadzu, Japan) using KBr pellets. A thermal stability study of the dry samples was performed on a simultaneous thermal analyzer (Linseis STA PT-1600), with a temperature range of room temperature-550°C at a heating rate of 10°C/min. The morphology of the samples was studied through analysis on a scanning electron microscope (JSM-6360LA, jEOL, Japan) at 40,000 magnification. Results and Discussion
IR Spectra
The IR spectra of the cassava starch and the SAPC are presented in Figure 1 . A comparison of the spectra of the cassava starch and the SAPC revealed that the hydroxyl groups on the cassava starch, with peaks at 527.54 and 576.73 cm -1 , were not found in the SAPC's spectra. This could be due to the fact that the ring of starch was opened and -COH had to be changed to *COH and then graft polymerization between the *COH groups on the starch and the acrylic acid monomers took place [6] . *COH is a radical active site on the starch backbone made by the initiator. Figure 1 also shows that the peak at 1641.45 cm -1 , attributed to carbonyl groups (C=O) on the cassava starch, was also not found in the SAPC spectra. This may happen when in the polymerization process most of the carbonyl groups of the starch break as the C-O groups bond and attach to each other to form longer chains of starch. This phenomenon was also reported in another experiment [7] . 
Thermal Stability
The thermal analysis result of the sample with the best absorbency (997.7 g H 2 O/g product) is shown in Figure 2 . Components of the sample were bentonite, MBA, APS, at concentrations of 2%, 0.05%, 0.5% respectively, while the AA/starch ratio was 5. The glass transition temperature (T g ) of the SAPC sample was determined by DSC and had a value of around 154.6°C. This result is a typical value, similar to that of the SAPC that was produced by Gao [8] with T g < 200°C.
The TGA curve shows that the degradation process began at a temperature of around 100°C. At the end of the analysis, at 550°C, sample mass loss was 58% Compared to similar products with the same relative absorbance capacity as described by Li [5] , this SAPC product had a slightly higher thermal resistance. Li's product underwent a mass loss of up to 59% at a temperature of 450°C, while this SAPC experienced a mass loss of 51.8% at the same temperature and 58% at the much higher temperature of 550°C. This is mainly due to the use of cassava starch and nano-sized reinforcement particles in the SAPC, which are much smaller than the micron particles used by Li. This condition makes that the particles can easily be intercalated in the polymer by a much stronger bond so it has a higher thermal resistance. 
Absorbance Capacity
The absorbance capacity was measured by soaking the product in distilled water until it reached swelling equilibrium. The swollen samples were then separated from the unabsorbed water by filtering over a 100-mesh screen. The water absorbency was determined by calculating the difference of mass between the swollen and the dry sample and dividing the result by the mass of the dry sample.
Effect of Bentonite Concentration. From the displayed graph ( Figure 3 ) it can be seen that the maximum absorbance capacity was obtained at a bentonite concentration of 2%, though this value did not differ significantly from that for the bentonite concentrations of 1.5 and 2.5%.
Between the bentonite concentrations of 0 and 2% there was an upward trend of absorbance capacity because the cross-link density of the superabsorbent polymer increased along with the increase in bentonite concentration of the reinforcement, resulting in a structure that is capable of absorbing more water. When the bentonite concentration increased above 2%, the absorbance capacity steadily became lower because the composite was denser and the volume of pores contained in it was smaller. This led to less water absorbed due to the limited surface area of the composite, as stated in a previous research by Abidin [2] . 
Effect of Mass Ratio of AA to Starch.
The mass ratio of AA to starch is an important variable of analysis because it determines the optimum amount of starch as backbone chains of the composite that results in the maximum absorbance capacity. In order to determine the optimum value, 4 runs with different ratios of AA to starch were carried out. The results are shown in Table  1 . Table 1 shows that the maximum absorbance capacity of the SAPC occurred at an AA/starch ratio of 5. This value was not significantly different for the other variations, although the influence of the difference in ratio was quite significant. The products with a ratio of 5 had a higher absorbance capacity than the products with a ratio of 4 because the effective cross-linking density is probably lower than the nominal cross-linking density at a low total monomer concentration in the preparation of cationic hydrogel, as described by Baker in [9] . However, there is a decline of absorbance capacity when the number of monomers is too high. Reyes [10] has found that this phenomenon may be due to an increase in the homopolymer percentage of the polyacrylic acid (PAA), which in turn results in an increase in soluble materials at a fixed cross-linking density. A similar analysis and similar observations have also been reported by others [5, 11, 12] .
Effect of cross linker concentration.
The effect of the cross linker concentration on the absorbance capacity of the composite can be seen in Table 2 . As already described in the previous sub-chapter, an increase in cross links will generally decrease the absorbance capacity. At a concentration below 0.05%, the absorbance capacity was low because the formed composites were not strong enough to absorb a great amount of water, whereas at higher concentrations the absorbance capacity dipped as a result of a denser composite with a smaller volume of pores [2] . Effect of Initiator Concentration. In Table 3 it can be seen that the maximum absorbance capacity occurred at a cross linker concentration of 0.5%. Below this point, the absorbance capacity was low because the amount of free radicals formed was small, which leads to low grafting efficiency, similar to Willet's result [13] . However at higher concentrations, the amount of free radicals formed is too large, which leads to fast initiation, which in turn would obviously produce many low molecular weight copolymers with a low absorbance capacity. A higher initiator concentration also leads to a greater formation of PAA [5, 14, 15] so that the monomers, which are supposed to be bound as copolymers, are reduced. Rate of Absorbance. Analysis of the absorbance rate was carried out by measuring the mass of swollen product in a variety of soaking times. Before measurement, the product was dried at a constant temperature of 70°C and then filtered over a 20-80 mesh screen. The results are depicted in Figure 4 . The absorbance measurements show that the absorbance capacity was proportional to the soaking time. The resulting SAPC could absorb water in a relatively short time. At a time of 30 minutes, the product was 75% saturated by water (750 g/g). The minimum soaking time to obtain maximum absorbance capacity was about 5 hours. Referring to the research by Omidian [16] , a superabsorbent polymer that can reach 60% from saturated condition in less than 3 hours indicates that the polymer has large enough pores and can be concluded to be a "porous hydrogel".
Water retention. The water retention of the SAPC was determined by heating the swollen sample in an oven at certain temperatures. Figure 5 shows the water retention of the SAPC as a function of time for temperatures of 60 and 100°C.
The sample heated at a temperature of 60°C experienced a loss of water by 50% after 20 minutes and it took 45 minutes to release all the water contained. Meanwhile, the sample heated at a temperature of 100°C required a much shorter time to experience a loss of 50% of water (15 minutes) and took 30 minutes to release all water contained. The phenomenon of water being released from the composite structure at high temperatures is caused by the breaking of both weak and hydrogen bonds between water molecules and polymer chains, so that the water is released easily. It is also related to the process of phase change of water into vapor, where the pressure is higher and it becomes easier to move as a result of the increased kinetic energy.
SEM analysis. SEM images of the product are presented in Figure 6 . It can be seen that at the same magnification both of the images are very different. The product with minimum absorbency (Figure 6(a) ) had a dense surface almost without cracks, while the product with maximum absorbency (Figure 6(b) ) had a large number of cracks spread evenly across its surface. Wang [17] has found that cracks are one out of three types of pores that determine the total porosity of a material. In the case of a superabsorbent polymer, cracks created on the surface and in the bulk of the polymer allow water to diffuse by capillary forces. The outermost dry layer of granular particles is first moistened upon contact with water, resulting in two phases of polymer, partially swollen and dry. The diffusion of water continues through the a b partially swollen layer towards the core. Thus, the cracks in superabsorbent materials are the most important factor for determining the absorbance capacity.
A product without cracks will have a very low absorbance capacity due to the limited amount of water that diffuses into the matrix created by the small surface area. In a product with maximum absorbency, the greater porosity makes the water enter very easily and interact within the matrix so that the amount of absorbed water is larger. In addition to particle size, it was shown in this study that the number and the size of the cracks on the surface of the composite matrix is also proportional to the rate of absorbance, as more and more and larger cracks exist within the surface that will make the water move more quickly through the matrix.
The Short Reaction Time
The process of synthesizing SAPC followed previously described procedures [5] in which SAPC was made from potato starch. It was reported that by using the same cross linker and initiator, the reaction time required to produce the final gel block product was about 3 hours [5] , but synthesizing the cassava starch-composite with the same procedure took only about 10-15 minutes. There are many possible causes underlying this phenomenon, but the most logical reason is the difference in composition between the starches. The amount of amylopectin contained in cassava starch is about 84%, while in potato starch it is 79% (based on Meyer [18] ). It is clear that a higher amount of amylopectin leads to a softer gel with less cross links within the starch [19] . This allows the radical initiators to react with the starch chains easily, resulting in longer chains. This leads to rapid polymerization when the monomer is added, thus the final gel block is formed very fast. Even though the amount of amylopectin contained in cassava starch is slightly higher than in potato starch, the significant difference in molecular weight between amylopectin and amylose results in a significant difference in reaction time.
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Conclusion
SAPC can be made from cassava starch through a radical polymerization reaction with acrylic acid. Utilizing natural resources like starch and bentonite in the production of this superabsorbent material produced a very short reaction time (10-15 minutes), which means SAPC production with higher efficiency and lower cost. Additionally, this makes the technique quite environmentally friendly. The maximum absorbance capacity of 1000 g/g SAPC was obtained at a weight ratio of acrylic acid to starch of 5 and concentrations of bentonite, APS and MBA of 2, 0.5 and 0.05 w-%, respectively. This novel superabsorbent composite with an excellent rate of absorbency and water retention can be useful as an absorbent material for baby diapers and agricultural and medical applications.
